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Primary and Secondary Risk Factors for

Birth Defects
by K. Lemone Yielding

Birth defects may be inherited in the germ line or may result primarily from a wide spectrum of predictable
physical, chemical, and infectious processes that can operate in the mother, the father, or in the zygote. The
systematic consideration of these mechanisms can lead to a fresh awareness of risk and possible strategies
toward recognizing and avoiding such risks. Birth defects also depend heavily on secondary factors that may
even be of greater concern than any single primary insult because they may simultaneously affect the
consequences of more than one primary exposure. Under the influence of secondary factors, the frequency,
timing, and intensity of developmental deficiencies can be quite varied. It is particularly interesting that
expression can be delayed until quite late in life, and deficiencies may oceur or be expressed only in response to
the appropriate environmental stress or functional demand. Any discussion of teratogenic mechanisms,
therefore, is not complete without taking into account the important concept of co-teratogenesis, or the
operation of secondary risk mechanisms. The principle of secondary risk or co-teratogenesis has heen
demonstrated by means of enhancement of radiation-induced terata by the administration of drugs that
inhibit DNA repair. An example of iate-onset expression of prenatal damage was illustrated with postnatal
retinal degeneration occurring after prenatal damage to the developing retina. It is suggested that a
systematic consideration of primary and secondary risk mechanisms can lead to a better understanding of the

problem of birth defects.

Introduction

The purpose of this paper is to provide an overview of
birth defeets and their relationship to environmental
insults. Such a diseussion, if joined widely by environmen-
tal and biomedical scientists, can result in more coordi-
nated and effective approaches to the prevention of
environmentally provoked abnormalities through better
understanding of the nature and management of risk
resulting from exposure to either natural or man-made
factors. Birth defects, of course, represent a restricted
subset of significant toxie events targeting the eonceptus
that do not result in immediate death but still permit some
progression of the developmental processes. In fact,
failure of survival of the reproduetive product must also be
considered as a possible result of the same processes as
those discussed here. This discussion emphasizes two
major points: First, birth defects result from a wide
spectrum of predietable physical, chemical, and infectious
processes that can operate in the mother, the father, or the
zygote. The systematie consideration of these mechanisms
can lead to a fresh awareness of risk and possible strat-
egies toward recognizing and avoiding such risks.

Second, the causes and expression schedules of birth
defects depend heavily on secondary factors as well as
primary mechanisms of damage. In fact, secondary fac-
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tors may even be of greater concern than any single
primary insult because they may simultaneously affeet the
consequences of more than one primary exposure. The
discussion of secondary factors should be prefaced by four
generalizations: @) The outcomes for perturbations of the
developmental processes are dictated by the basie critical
vulnerabilities of the targeted systems; b) the timing and
intensity of developmental deficiencies can be quite varied
{immediate, delayed, subtle, mild, severe, or latent), with
resulting great increases in the time of vulnerabilities for
compromised structure and function; ¢} expression of
developmental deficiency may oceur only in response to the
appropriate environmental stress or funetional demand;
and d) any discussion of teratogenic mechanisms, there-
fore, is not complete without taking into account the
important concept of co-teratogenesis, or the operation of
secondary risk meehanisms. The following is a general
review of these principles and some brief illustrations of
some of the concepts from our own work.

Classification of Birth Defects in
Relation to Prevention Strategies

“Birth defects” may be defined as abnormalities of
biological form and/or function resulting from abnormal/
incomplete differentiation and development. “Teratogene-
sis” generally is used to refer to the processes involved in
development of such abnormalities. Birth defects can be







